The levels of anti-Leishmania infantum antibodies are relevant with the diagnosis and the followup of infected dogs. Both ELISA (Enzyme-Linked Immunosorbent Assay) and IFAT (Indirect Immuno-Fluorescent Antibody Test) may be employed to estimate the antibody levels in dogs, but at present, the correlation between ELISA absorbance and IFAT titer has not been investigated. In this paper, we compared the optical densities obtained with a commercial ELISA, Leiscan ® (Laboratorios Dr. Esteve S.A.), versus the titers obtained by in house IFAT. We measured ELISA absorbance of: 44 IFAT negative samples coming from an endemic area; 10 negative samples coming from a non endemic area; 29 samples with an IFAT titer between 1/40 and 1/80; 10 samples with an IFAT titer of 1/160; 9 samples with an IFAT titer of 1/320; 10 samples with an IFAT titer of 1/640; 10 samples with an IFAT titer ≥ of 1/1280. Results show that: a) there is a poor correlation between IFAT titer and ELISA absorbance; b) Leiscan ® is not able to distinguish between IFAT negative samples and IFAT titers up to 1:160; c) IFAT negative samples from an endemic or non endemic area show different ELISA absorbance; d) the performance of the kit may be improved by the use of a more appropriate cut-off.
Introduction
Identification of infected dogs is crucial for the control of human leishmaniasis, as dogs act as the main reservoir for the disease. Canine leishmaniasis is diagnosed directly through the presence of the parasite by direct microscopic examination of lymph nodes, bone marrow aspirates and/or culture of skin lesions, or indirectly by serological techniques. However, direct techniques lack of sensitivity, and interpretation of indirect serological techniques is often difficult, as they are more sensitive but less specific [1] [2] . Although PCR has been described as a method sensitive enough to detect all infected individuals, results may vary according to the sampled tissue. In addition, PCR appears too sensitive for mass screening and shows a low predictive value in detecting disease [3] [4]. Therefore, none of these methods is capable to give an unequivocal classification of the infected subject. A combination of serological and molecular methods may provide more reliable data.
Indirect Immune-Fluorescent Antibody Test (IFAT) is one of the most frequently used serological methods, and it is considered by some authors as the "gold standard" [5] [6] . However, IFAT is time consuming and has been described as an operator-dependent method. For this reason, a number of Enzyme-Linked Immunosorbent Assay (ELISA) approaches have been developed. Commercial ELISA may differ in antigen extraction and preparation, may use recombinant antigens or may be different in classes of polyclonal anti-dog immunoglobulin IgG. Each method has some disadvantages [7] .
Since IFAT has been employed for years for the detection of anti-Leishmania antibodies, commercial ELISA frequently provides a table of correspondence between results obtained with ELISA and IFAT. In this report, we compared the optical density (O.D.) obtained with a commercial ELISA with the antibody levels obtained by IFAT. We employed a recent commercialized ELISA kit, Leiscan ® (Laboratorios Dr. Esteve S.A.), which was described as the best commercialized ELISA kit, and considered by some authors as "the new gold standard" of the serological techniques [8] . To our best knowledge, this is the first paper that compares ELISA O.D. with IFAT titers, clearly demonstrating that results obtained with ELISA and IFAT are not comparable. Moreover, in this paper we show evidence that the major limitation of "commercial" ELISA is related to the choice of an appropriate cut-off.
Materials and Methods

ELISA
ELISA was performed as described by the manufacturer. All steps were performed at 20˚C -25˚C and under continuous gentle agitation. Briefly: 100 µl of diluted samples (1:20), controls (negative, high positive and low positive), were added to the appropriate well and incubated 10 minutes. Wells were washed five times with 300 µl of washing solution and 100 µl of conjugate was added to each well. After 5 minutes, the wells were washed again and 100 µl of substrate were added. The reaction was stopped after 10 minutes by adding a stopping solution. Microplates were read by a microplate spectrophotometer (EPOCH, BioTek U.S. Winooski, VT 05405, USA). Results were expressed confronting the O.D. of the sample with the O.D. of the cut off included in the kit. No justification or supporting evidence was provided for the selection of such cut-off.
IFAT
IFAT was performed employing "in house prepared antigen" obtained by culture of promastigotes of Leishmania infantum obtained from a dog that acquired the infection naturally and had not received treatment. The assay procedure followed the protocol of the Office International des Epizooties [9] . Anti-Leishmania antibodies were detected using rabbit anti-dog IgG conjugated to fluorescein isothiocyanate (Sigma Chemical; St. Louis, MO, U.S.A.). Each sample was run in duplicate and was read by two persons with specific experience in the field. Observation was performed at a magnification of 400 -600x.
The control sera included in the ELISA kit was also examined by IFAT.
Recruitment of Samples
IFAT negative samples were collected from clinically healthy dogs showing normal blood count and normal serum levels of urea, creatinine, AST, ALT, and total proteins. The samples also showed a normal ratio of both serum albumin/globulin and proteinuria/creatinuria and resulted serologically negative for Ehrlichia canis and Rickettsia rickettsii. The sera labelled "endemic area" were from Napoli (Campania, southern region of Italy), whereas those labelled "non endemic area" where from Padova (Veneto, northern region of Italy). Leishmania infantum IFAT positive sera were selected from the samples routinely analyzed in our specialized laboratory of veterinary analysis, and coming from the endemic area of Napoli.
Results were reported as mean () ± standard deviation (S.D.). The data were analyzed with the help of a commercial software (GraphPad PRISM; GraphPad Software Incorporated, San Diego, CA). The one-way analysis of variance, together with the Tukey post hoc test was used to compare different groups of data. A p < 0.01 was considered statistically significant. Table 1 shows the ELISA absorbance at λ = 450 nm of cut-off and sera.
Results and Discussion
As ) of a pool of noninfected dogs (IFAT negative). It has also been reported [1] that the choice of an appropriate cut-off as well the epidemiological characteristics of the area under study may influence the sensitivity and the specificity of a method. Accordingly, we found different ELISA absorbance in negative samples coming from different geographical areas (e.g. endemic or non-endemic). This data strongly suggests that the ELISA cut-off should be related to the area of provenience of the samples. The choice of the correct cut-off is a pivotal step for the performance of ELISA; and a wrong choice will results in a misinterpretation of results. From this point of view, the cut-off included in the kit is inadequate. This fact is well depicted in Table 1 . As shown, IFAT positive samples up to a titer of 1:160 will results as negative one by Leiscan ® by using the cut-off included in the kit (sample ratio 1). However, the use of a cut-off ( + 2 S.D; O.D.) related to a pool of sera coming from IFAT negative healthy dogs (endemic area; Sample ratio 2, or non-endemic area, Sample ratio 3) dramatically increases the significance of the sample ratio. Using this criterion, IFAT titers of 1:80 and 1:160 appeared as "suspicious" or as "positive" by ELISA ( Table 1 ; Sample ratio 2-3), accordingly with the cut-off considered (endemic or non-endemic). Differently from ELISA, an advantage of an end-point IFAT titration is that the clinician, not the laboratory, may assign the appropriate weight to the obtained results, accordingly with the followup and the geographical area of provenience of the samples. Table 1 . Correlation between ELISA absorbances and IFAT titers. Sorting was based on IFAT titers. Results were reported as mean ± S.D. Sample ratio (1) was obtained dividing the sample O.D. with the O.D. of the cut-off included in the ELISA kit (). Sample ratio (2) was obtained using as cut-off the pool of negative samples from an endemic area ( + 2 S.D.). Sample ratio (3) was obtained using as cut-off the pool of negative samples from a non-endemic area ( + 2 S.D). As reported in the procedure of "Leiscan ® ", a value between 0.9 and 1.1 should be considered as "suspicious"; and a value between 1.1 and 1.5 should be considered as a "low positive". The column ANOVA reports the "p" value of the O.D. of the considered group in comparison with group 1 (negative samples from endemic area). Statistical analysis also shows that ELISA is not able to differentiate IFAT titers between 1:40 and 1:160 (ANOVA; p > 0.05). This is due to the wide S.D. of ELISA O.D., as shown in Table 1 . We have also to consider that IFAT allows distinguishing between different patterns of fluorescence, which not necessarily may generate similar ELISA absorbance. Taken together, these facts suggest that ELISA and IFAT are methods that may not necessarily generate comparable results. Finally, Table 1 shows that ELISA requires further dilution steps to measure samples with a high amount of anti-leishmania antibodies (IFAT titers ≥ 1:1280). From this point of view, the quantitation of high antibody levels needs a further dilution step by using either ELISA or IFAT, but results will remain not comparable.
Conclusions
In conclusion, this paper show evidence that Leiscan® is not suitable for the detection of anti-leishmania antibodies in dog serum mainly due to the inappropriate choice of the cut-off included in the kit. The availability of an appropriate cut-off represents an intrinsic limit for each laboratory that wants to perform the quantitation of anti-leishmania antibodies by a "commercial" ELISA. Other authors have investigated the best way to determine the cut-off value for serological assays like arbitrary methods, methods to optimize sensitivity or specificity, methods to optimize test accuracy, ROC curves, and methods to optimize the predictive value. The discussion about which of these methods is the best one for the determination of anti-leishmania antibodies is far from the aim of this paper.
However, our results suggest that the performance of the kit may be improved by using a cut-off related to a pool of sera collected from non infected dogs. Moreover, the cut-off should be related to the geographical area of provenience of samples. Our results also show that a commercial ELISA does not offer any particular advantage in the quantitation of anti-Leishmania antibodies, especially with low positive sera, as it is not able to differentiate titers ranging between 1:40 and 1:160 ( Table 1 , ANOVA, p > 0.05).
It is our opinion that, at the present time, there are no reasons to replace an appropriately well-performed in house IFAT with a "commercial" ELISA.
Finally, we have to consider that it is reasonable to suppose that the pool of IFAT-negative healthy dogs used as cut-off is from non-infected subjects. With stronger reasons, this assumption is correct for dogs coming from a non-endemic area. However, we have no certainty that IFAT negative samples belong to non-infected dogs, as we do not perform PCR for the detection of Leishmania spp. This fact does not invalidate our conclusions, because this report is focused on the ability of each test to reveal the presence of antibody levels in the sera and on the existence of a correlation between IFAT titers and ELISA absorbances, rather than on the ability of these methods to detect infected dogs.
